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PURPOSE: The magnitude and timing of the reported decrease in risk of renal cell carcinoma (RCC) at-
tributed to smoking cessation is not well characterized. Furthermore, conclusions from previous investiga-
tions have been hampered by unstable risk estimates, broad exposure categories and/or insufficient
adjustment for the inverse correlation of cessation years with lifetime smoking exposure.

METHODS: To address these issues, we report data from a population-based case-control study con-
ducted in lowa from 1986 to 1989. RCC cases (n = 387) were identified through the lowa Cancer Regis-
try, while controls (n = 2,333) were randomly selected from the general population, frequency-matched
on age and sex. Subjects provided detailed information on a mailed questionnaire regarding their smoking
history as well as other anthropometric, lifestyle, dietary and medical history risk factors.

RESULTS: Smoothing spline regression analysis provided evidence of a consistent inverse linear trend
between years of cessation and risk of RCC. In categorical analysis, compared with current smokers, those
quitting =30 years ago experienced a 50% reduction in risk of RCC (OR = 0.5; 95% CI 0.3 to 0.8) after
adjustment for age, sex, BMI, hypertension and pack-years of smoking. Risk among long-term quitters was
similar to risk among never smokers (OR = 0.6; 95% CI 0.4 to 0.8). In contrast, cessation of <10 years, 10
to 19 years and 20 to 29 years all resulted in a less pronounced reduction in RCC risk (~20% to 30%).
CONCLUSIONS: Our findings suggest that while cessation of smoking is indeed associated with a linear
decrease in RCC risk even after adjustment for potential confounders, this benefit may not be sizeable un-
til more than 20 years following cessation.
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INTRODUCTION

Guidelines from both the American Cancer Society and the
National Cancer Institute advise that smoking cessation low-
ers the risk of renal cell carcinoma (RCC) (1, 2). However,
evidence from the literature supporting this claim is not con-
sistent (3—7). Complicating matters further, results from the
small number of available investigations are often difficult to
interpret due to specific limitations. These limitations in-
clude imprecise risk estimates (especially in extreme catego-
ries) as well as failure to adjust adequately for lifetime
smoking exposure. In addition, previous studies have been
limited by the exclusive use of categorical analysis to evalu-
ate this association. We are unaware of any attempt to sup-
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plement categorical analysis with more sophisticated
regression methods (i.e. generalized additive models) that
analyze years of smoking cessation as a continuous variable
and thus avoid the potential loss of information and power
associated with categorical analysis (8, 9). Finally, to our
knowledge there has been no effort to determine whether
other known risk factors for RCC modify the effect of smok-
ing cessation on RCC risk.

The primary objective of this investigation was to charac-
terize the association of smoking cessation and RCC devel-
opment in a Midwestern US population after adjustment for
accepted RCC risk factors, including lifetime pack-years of
smoking. In secondary analysis, we assessed whether the asso-
ciation of smoking cessation and RCC risk is uniform across
levels of other known risk factors for RCC (i.e. gender, body
mass index and hypertension). To do this, we used data from
a population-based case-control investigation conducted in

[owa from 1986 to 1989.

MATERIALS AND METHODS
Study Population

Full details of this study are reported elsewhere (10).
Briefly, we conducted a population-based case-control in-
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Selected Abbreviations and Acronyms
BMI = body mass index
CI = confidence interval
GAM = generalized linear model
ICR = Iowa Cancer Registry
OR = odds ratio
RCC = renal cell carcinoma

vestigation of cancer occurrence at six anatomic sites (pan-
creas, bladder, kidney, brain, colon, and rectum). Cases of
RCC (ICD-O code 189.0) were identified from 1985 to
1987 by the Iowa Cancer Registry (ICR), a participant in
the National Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results (SEER) program (11). This program
was supplemented by a rapid reporting system in 1987. Eli-
gible cases were residents of the state of Iowa, age 40 to 85,
and newly diagnosed with histologically confirmed RCC.
No independent pathology review was performed. Those
with a previous diagnosis of a malignant neoplasm, except
basal and squamous cell carcinomas of the skin, were ex-
cluded. Of the 463 incident RCCs identified for the study,
406 (88 percent) responded, with 93 (22 percent) requiring
proxy respondents to provide information.

Control subjects under the age of 65 were randomly se-
lected from computerized state driver’s license records
while controls ages 65 and older were selected randomly
from listings provided by the US Health Care Financing
Administration (HCFA). Both of these selection rosters
provide excellent coverage of the state population (12, 13).
As with the cases, controls with a history of cancer, except
non-melanoma skin cancer, were excluded. Controls were
frequency matched to cases by gender and 5-year age group.
Of the 999 control subjects under the age of 65 identified,
817 (82 percent) participated while 1617 of 2036 (79 per-
cent) of identified controls 65 years and over participated.
Only two control subjects required proxy respondents.

Data Collection

Data were collected using a mailed questionnaire, which in-
cluded inquiries regarding risk factors for RCC such as de-
mographics, anthropometric measures at various times in
life, smoking history and status (including age at cessation,
if applicable), medical history, reproductive factors, occu-
pational history, usual physical activity (non-occupational)
and family history of cancer (14). Also included in the
questionnaire was a 55-item food frequency section. Sub-
jects who were reluctant to complete the detailed question-
naire were offered a 15-minute abbreviated telephone
interview that excluded the detailed occupational history
and food frequency sections.

Information on smoking cessation was ascertained from
responses to the section of the questionnaire regarding the
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use of tobacco products. Individuals who responded that
they had never used any tobacco product for six months or
longer were classified as never smokers. Current smokers
were defined as anyone who reported smoking cigarettes for
a continuous period of six months or longer and addition-
ally that they were smoking within the two years preceding
cancer diagnosis (cases) or return of the questionnaire
(controls). Any individuals reporting that they had quit
smoking two or more years prior to cancer diagnosis (cases)
or return of the questionnaire (controls) were classified as
former smokers. Among these former smokers, the number
of years since the termination of smoking was determined
by subtracting the reported age at which they had stopped
smoking from their age at the time they entered the study.

Statistical Analysis

After excluding subjects who lacked information on smok-
ing history (19 cases, 101 controls), there were 387 cases of
RCC and 2333 controls available for this analysis. Smoking
cessation was analyzed as both a continuous and a categori-
cal variable. For any analysis utilizing the continuous form
of smoking cessation years, current smokers were given a
value of zero and never smokers were specified as missing
and therefore removed from analysis. After reviewing infor-
mation from previous studies and the distribution among
our control subjects, the following ordinal variable for
smoking cessation was created: 0 = current smoker, 1 =
former smoker who quit <10 years ago, 2 = former smoker
who quit 10 to 19 years ago, 3 = former smoker who quit 20
to 29 years ago, 4 = former smoker who quit 30 or more
years ago and 5 = never smoker. This categorization al-
lowed for risk estimates to be calculated in reference to
current smoking and additionally permitted indirect com-
parisons with never smokers as well. Since similar findings
were noted in the analysis of cessation years as either a
continuous or categorical variable, we report the results for
cessation years as a categorical variable for ease of interpre-
tation.

Odds ratios (OR) and 95 percent confidence intervals
(CI) were used to estimate the association of smoking ces-
sation and RCC. We employed unconditional logistic
regression to estimate both age-adjusted as well as multi-
variate-adjusted ORs. The following covariates were in-
cluded in multivariate analysis: sex, body mass index (kg/
m?), hypertension (self-report of physician diagnosis, yes/
no), pack-years of smoking (continuous), family history of
kidney cancer (1st degree relative), non-occupational phys-
ical activity, history of bladder infection and dietary intake
of red meat, fruit and vegetables. The choice of variables for
the final multivariate model was based on whether or not
inclusion of the covariate resulted in at least a 10% change
in the estimated ORs. The final multivariate model in-
cluded age, sex, body mass index, history of hypertension
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and pack-years of smoking. Formal tests of trend were per-
formed using both the continuous form of the smoking ces-
sation variable as well as the ordinal score variable with the
referent category removed. No differences were noted be-
tween the two methods, therefore we report results based
on the tests involving the ordinal score variable. Effect
modification by each of the covariates considered in the fi-
nal multivariate analysis was evaluated by stratifying on the
variable of interest and comparing the ORs within each
stratum. Formal tests for effect modification were performed
by including an interaction term, along with the main ef-
fects, in the regression model. To assess the potential for
bias due to next-of-kin respondents, we repeated our analy-
sis excluding the 93 cases and 2 controls with proxy data.
No differences were noted in the risk estimates, so we re-
port the data using the entire study group.

An underlying assumption of logistic regression is that
the logit of RCC risk on cessation years is linear. To test
this linearity assumption and to assess the appropriate func-
tional form for cessation years, we fit generalized additive
models (GAMs) for RCC with cessation years modeled as a
smoothing spline with 4 degrees of freedom. Statistical
analyses were performed using the PROC LOGISTIC pro-
cedure in SAS version 8.2 (SAS Institute; Cary, NC) and
Splus for GAM models (Mathsoft, Inc., Seattle, WA).

RESULTS

Table 1 presents the distribution of potential confounding
factors across categories of smoking cessation among the
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control group. Differences in both age and gender were
noted across levels of smoking cessation, with long term
quitters (20 to 29 years and 30+ years) being slightly older
and more likely to be male than both current smokers and
those that had quit smoking within 10 years of baseline. As
expected, individuals who reported having quit smoking for
20 to 29 years or more than 30 years had substantially fewer
overall pack-years of smoking than current smokers or
shorter term quitters (quit within 10 years of baseline). Fur-
ther, calculation of a Pearson correlation coefficient be-
tween years of smoking cessation and total pack-years of
smoking among former smokers revealed an inverse rela-
tionship between the two variables (r = —0.55; p <
0.0001). Current smokers were in general leaner than those
who had stopped smoking. Nevertheless, among those who
had quit smoking, there was very little difference in re-
ported BMI across the cessation categories (i.e <10 years,
10 to 19 years, 20 to 29 years and 30+ years). Finally, com-
pared with current smokers, a reported history of hyperten-
sion was more common among those who had quit
smoking. However, as was the case with BMI, there was lit-
tle difference in reported history of hypertension when
comparisons were made between the different cessation
categories.

As displayed in Figure 1, the linearity assumption for the
logistic regression model was tenable for cessation years and
RCC (a straight line easily fits within the confidence inter-
vals; formal test for departure from linearity was non-signif-
icant, p = 0.3). Specifically, a decreasing linear association
was observed between RCC risk and cessation years as a
continuous variable. Due to a small number of people who

TABLE 1. Distribution of selected risk factors among controls by years of smoking cessation, lowa, 1986 to 1989

Smoking Status

Quit < 10 Quit10-19 Quit 20-29 Quit =30
Current smoker years ago years ago years ago years ago Never smoked

Risk Factors (n = 465) (n = 184) (n = 243) (n = 241) (n=191) (n = 1,009) p-value?
Age (mean, in years) 64.0 67.8 68.1 69.3 72.5 69.1 0.0001
Gender

Male 70.0% 76.7% 86.4% 90.1% 90.0% 43.1%

Female 30.0% 23.3% 13.6% 9.9% 10.0% 56.9% 0.0001
Pack-years of smoking

None 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

1-20 11.2% 8.8% 22.6% 37.9% 73.3% 0.0%

21-39 23.5% 20.7% 30.2% 39.0% 20.4% 0.0%

40+ 65.4% 70.5% 47.2% 23.1% 6.3% 0.0% 0.0001
BMI (kg/m?)

<24 49.4% 35.6% 32.7% 35.6% 28.4% 36.4%

24-29 25.3% 29.3% 29.7% 30.0% 41.1% 30.6%

>29 25.3% 35.1% 37.6% 33.4% 30.5% 33.0% 0.0001
History of hypertension

No 71.4% 63.9% 62.0% 61.4% 62.6% 60.6%

Yes 28.6% 37.1% 38.0% 39.6% 37.4% 39.4% 0.0001

ap-value is either for global test for differences among means or chi-square test for differences in proportions, as appropriate.
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stopped smoking for more than 40 years, wide confidence
intervals were observed for cessation years greater than 40.
Conversely on the left-hand side of the curve, there is a
slight narrowing of the confidence intervals due to the rela-
tively large number of current smokers that were coded as
having zero years of smoking cessation.

Age and multivariate-adjusted estimates of the risk asso-
ciated with the different categories of smoking cessation are
provided in Table 2. After adjustment for age, there was ev-
idence of a slight decrease in RCC risk for those who re-
ported <10 years and 10 to 19 years since smoking
cessation (~20% for each). In contrast, cessation of 20 to
29 years (OR = 0.6; 95% CI 0.4 to 1.0) and 30 or more
years (OR = 0.5; 95% CI 0.3 to 0.8) both resulted in reduc-
tions in age-adjusted RCC risk to a level that was compara-
ble to that of never smokers (OR = 0.6; 95% CI 0.4 to 0.8).
Multivariate adjustment for age, sex, BMI, hypertension
and pack-years of smoking resulted in the same 50% reduc-
tion for long-term quitters (30 or more years) but slightly
attenuated the risk reduction for those reporting 20 to 29
years since cessation (OR = 0.7; 95% CI 0.4 to 1.1). The
RCC risk estimate for those reporting 10 to 19 years since
cessation was unaffected by multivariate adjustment, how-
ever the magnitude of the association with short-term quit-
ters (<10 years) strengthened slightly (OR = 0.7; 95% CI
0.4 to 1.1). In both age-adjusted and multivariate analyses,
formal tests for trend using the ordinal score variable or the
continuous form of cessation years confirmed the decreas-
ing risk with increasing years of cessation (p < 0.0001) that
was identified using spline regression.

While there was no evidence that gender, BMI or total
pack-years modified the effect associated with smoking ces-
sation, we did note that the relationship between years of
smoking cessation and RCC risk may not be uniform across
categories of history of hypertension (p for interaction =
0.03). Table 3 contains stratum-specific estimates of RCC-
risk associated with smoking cessation for normotensives
and hypertensive individuals. Among normotensive indi-
viduals, we found a pattern of risk estimates very similar to
that reported for the overall analysis. In fact, the magnitude
of the risk reduction associated with years of smoking cessa-
tion, especially among the long-term smokers, was slightly
stronger in this subgroup (OR3q; yeors = 0.2; 95% CI 0.1 to
0.5). Conversely, among those who reported a history of
hypertension, the association was attenuated (OR34 yeors =
0.9; 95% CI 0.4 to 1.8) and there was little evidence of a
trend with increasing cessation years (p = 0.5). Multivari-
ate adjustment did not alter the results of this stratified
analysis.

DISCUSSION

Evidence from this population-based case-control investi-
gation suggests that long-term smoking cessation (20 or
more years) reduces the risk of RCC to a level that is equal
to that of never-smokers, even after adjustment for lifetime
smoking intensity and duration. Shorter cessation periods
(<10 years, 10 to 19 years) were associated with only mod-
erate reductions in RCC risk. Smoothing spline modeling
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TABLE 2. Age adjusted and multivariate risks of RCC according
to years of smoking cessation, lowa, 1986 to 1989

Opverall
Cases Controls OR* 95% CI ORP 95% CI

Years of cessation

Current smoker 123 465 1.0 — 1.0 —
<10 years 36 184 08 05-13 07 04-1.1
10-19 years 47 243 08 05-1.1 08 0.5-1.2
20-29 years 31 241 0.6 04-1.0 07 04-1.1
=30 years 18 191 05 0308 05 0.3-1.0
Never smokers 132 1,009 0.6 04-08 06 04-09

p trend® 0.0001 0.005

2 Adjusted for Age.

bAdjusted for Age, Sex, Body Mass Index (kg/m %), Hypertension and
Pack-years of Smoking.
“Test performed with reference category removed from ordinal score
variable. Tests using continuous form of years of cessation produced
similar trend test results.

suggested the existence of a linear trend of decreasing risk
with increasing years of smoking cessation. Multivariate ad-
justment for other risk factors for RCC development did
not alter our results. We found no evidence that the reduc-
tion in risk associated with smoking cessation differed ac-
cording to gender, BMI or pack-years of smoking. We also
report preliminary data suggesting that the reduction in
RCC risk may be apparent only among those individuals
with no history of hypertension.

Two previous studies have assessed the association of
smoking cessation and RCC risk after adjustment for pack-
years of smoking, however data from each is somewhat lim-
ited (3, 5). In a Danish study involving 178 cases and 181
controls, Mellemgaard et al (3), reported no evidence of a
decrease in RCC risk with increasing duration of smoking
cessation after adjustment for age, socioeconomic status,
BMI and cigarette pack-years. In fact, the authors reported
an unexpected increase in risk for only those individuals
with 10 to 14 years of cessation (OR = 3.3; 95% CI 1.3 to
7.9). Conclusions from this investigation however, were
limited due to small numbers of cases in most categories. In
addition, the authors chose a broad upper category of cessa-
tion years (15+ years) that may have masked a true effect
at higher levels. In a population-based case-control study
conducted in New South Wales, McCredie and Stewart (5)
reported that while there was a dose-response association
between pack-years of smoking and RCC risk among those
who had quit for 25 years or less, there was no such evi-
dence among those who quit for more than 25 years. How-
ever, estimates among the long-term quitters (25+ years)
were imprecise due to the small numbers of individuals with
high levels of smoking pack-years. Of interest, the largest
case-control study to date on smoking and RCC (1,732
cases, 2,309 controls) provided evidence of only a slight de-
crease in RCC risk associated with smoking cessation (6).
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TABLE 3. Age-adjusted and multivariate risks of RCC according
to years of smoking cessation, stratified by self-report of Physician-
diagnosed hypertension, lowa, 1986 to 1989

Normotensives only

Cases Controls OR?* 95% CI ORP 95% CI

Years of cessation

Current smoker 75 313 1.0 — 1.0 —

<10 years 17 113 0.7 04-12 07 04-1.1

10-19 years 30 144 09 06-15 10 0.6-1.8

20-29 years 5 137 02 0.1-05 02 0.1-06

=30 years 4 114 02 01-05 03 0.1-08

Never smokers 54 553 04 03-06 06 04-1.0
p trend® 0.0001 0.02

Hypertensives only

Cases Controls OR?* 95%CI ORP 95% CI

Years of cessation

Current smoker 37 118 1.0 - 1.0 -
<10 years 14 66 08 04-16 08 04-1.7
10-19 years 15 87 0.7 04-14 07 04-14
20-29 years 25 86 1.2 07-22 12 0.6-22
=30 years 13 68 09 04-18 09 04-20
Never smokers 68 360 0.8 05-13 0.6 03-1.1
p trend® 0.5 0.2
2 Adjusted for Age.

bAdjusted for Age, Sex, Body Mass Index (kg/m?), and Pack-years of
Smoking.

“Test performed with reference category removed from ordinal score
variable. Tests using continuous form of years of cessation produced
similar trend test results.

Those individuals who reported more than 25 years of
smoking cessation were at slightly lower RCC risk com-
pared with current smokers (OR = 0.85; 95% CI 0.6 to
1.1), after adjustment for age, sex, BMI and number of ciga-
rettes per day. Two other case-control investigations in
Canada (4) and California (7), provided evidence of a
small decrease in risk for the highest category of smoking
cessation (20+ years). In both studies, however, no adjust-
ment was made for pack-years of smoking and the risk esti-
mates lacked precision.

Categorization of continuous exposure data has the ad-
vantage of simplifying the interpretation of epidemiologic
results. However, drawbacks of this method include possi-
ble bias due to the choice of cutpoints as well as the poten-
tial for loss of information due to the averaging of risks
across broad categories that may be biologically irrelevant
(8, 9). Linear models that utilize continuous forms of data
avoid the disadvantages associated with categorization
mentioned above. However, such models assume a linear
parametric response that may not be appropriate (15). In
contrast to parametric models, generalized additive models
(GAMs) do not assume linearity between the risk factor
and the outcome, thus permitting the flexible modeling of
the risk factor as a continuous smooth function (16-19). In
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this study, we utilized GAMs to check the linearity assump-
tion between cessation years and RCC risk, and to deter-
mine the appropriate functional form of the exposure/
outcome relationship. As displayed in Figure 1, there was
no evidence of a non-linear association between cessation
years and RCC risk. Further, because there was evidence of
a consistent, monotonic decrease in risk with duration of
cessation, it is very unlikely that our choice of categoriza-
tion cutpoints masked the true effect.

Our analysis suggests that the reduction in RCC risk as-
sociated with smoking cessation is apparent among normo-
tensive individuals only. Extreme caution however should
be used when interpreting this particular result, as we can-
not completely rule out the role of chance. Hypertension
among participants was based on self-report of a medical di-
agnosis and did not include information on timing and/or
severity of the condition. Of interest, there is data from this
same case-control investigation that suggests smoking is a
risk factor among normotensive but not hypertensive indi-
viduals (20). However, barriers to the interpretation of this
finding include the validity of self-reported hypertension
data, confounding by hypertensive medication use and the
lack of a plausible biologic mechanism. Confirmation in fu-
ture investigations is needed.

Strengths of this study include the use of population-
based cases and controls, high participation rates for both
groups, detailed individual data on potential confounders
and the use of advanced modeling techniques (smoothing
spline regression) to support the assumption of linearity in
the logit. However, there are also limitations to these data.
The minimum value for smoking cessation years among
former smokers in this population was 3 years, thus we are
unable to extrapolate risk estimates from our <10 years cat-
egory to individuals who have only recently stopped smok-
ing. However, an argument can be made that these
individuals (recent quitters) should be removed from analy-
sis anyway due to the potential for subclinical disease to al-
ter lifestyle habits. Of more concern is the correlation
between pack-years and smoking cessation years. Although
we have adjusted for pack-years in our analysis, some resid-
ual confounding may still exist given the correlation be-
tween these two variables. We found no evidence of an
interaction between pack-years and smoking cessation, sug-
gesting that the effect was similar for light and heavy life-
time smokers. However, failure to detect this interaction
statistically could have been due to limited study power.
Other limitations include low generalizability, self-reported
BMI and history of hypertension as well as small case num-
bers in some hypertension strata.

Data from this population-based case-control investiga-
tion support the recommendation that smoking cessation
lowers the risk of RCC, even after controlling for lifetime
smoking exposure. Further, we suggest that the risk of RCC
among former smokers can eventually be lowered to a level
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similar to never smokers but only after long term cessation
(more than 20 years). Our modeling of the risk curve using
smoothing spline regression is novel and further strength-
ens the evidence of a true inverse linear association be-
tween smoking cessation and RCC risk.
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